Dengue hemorrhagic fever, the severe form of dengue virus infection, is believed to be an immunopathological response to a secondary infection with a heterologous serotype of dengue virus. Dengue virus capsid protein-specific CD4 ؉ cytotoxic T-lymphocyte (CTL) clones were shown to be capable of mediating bystander lysis of non-antigen-presenting target cells. After activation by anti-CD3 or in the presence of unlabeled antigen-presenting target cells, these clones could lyse both Jurkat cells and HepG2 cells as bystander targets.
Dengue virus (DV) is a mosquito-borne flavivirus which is prevalent in many tropical and subtropical areas of the world. Infecting up to 100 million individuals yearly (10) , DV infection can be either asymptomatic or it can present as one of two forms of disease. The most common form, classical dengue fever (DF), presents as a flu-like syndrome, with symptoms including fever, retroorbital headache, muscle aches, and bone pain. Liver involvement is also a frequent manifestation of DV infection, characterized by hepatomegaly and increased plasma levels of liver transaminases (19, 24, 35) . Patients with dengue hemorrhagic fever (DHF), the more severe form of disease, develop hemoconcentration, thrombocytopenia, and increased capillary permeability, resulting in plasma leakage and sometimes hemorrhage. At its most severe, DHF can culminate in circulatory shock and death.
DV exists as four distinct serotypes, called types 1, 2, 3, and 4. After infection with DV, lifelong protective immunity is induced against the infecting serotype, although immunity to heterologous serotypes is short-lived (38) . Studies have suggested that the immune response mounted upon reinfection with a heterologous serotype of DV may have detrimental consequences for the host. The vast majority of DHF cases have been shown to occur in individuals who are undergoing a secondary DV infection, suggesting that preexisting immunity to one serotype of DV may predispose an individual to the development of more severe disease (10) .
A number of research studies from our laboratory have shown that DV serotype-cross-reactive memory CD4 ϩ and CD8 ϩ T cells exist after primary DV infection (reviewed in reference 28). Reactivation of serotype-cross-reactive memory T cells upon secondary infection possibly results in the increased level of T-cell activation often observed in individuals with DHF (27) . Induction of immunopathology by CD4 ϩ T lymphocytes may occur by various mechanisms, including cellmediated cytotoxicity and/or cytokine production. CD4 ϩ T-cell-mediated cytotoxicity is thought to occur via two main pathways: release of perforin and granzymes from the activated cytotoxic T lymphocytes (CTL) (32, 44) or the interaction of Fas ligand on the T cell with Fas on the target cell (18, 32, 42, 44) . The Fas/FasL pathway could contribute to the destruction of both cells presenting viral antigens as well as non-antigen-presenting "innocent bystander" cells which are expressing Fas, as has been demonstrated in other systems (4, 31, 40) . Although the existence of virus-specific CD4 ϩ CTL in humans has been demonstrated after viral infection or immunization (16, 26, 36, 49) , the mechanism of cytolysis utilized by human virus-specific CD4 ϩ CTL clones has not been extensively characterized. The direct destruction of certain cell types, either by cognate or bystander lysis, may result in some of the pathology which occurs in DHF.
Liver disease is commonly observed in patients with DV infections. Elevated levels of liver enzymes are detectable in serum, indicating hepatocyte injury, and frequently the liver is enlarged. Kupffer cells appear to be the primary cell type supporting DV infection in the liver (9); however, there is some debate as to whether hepatocytes can be infected with DV (9, 15) . The cause of hepatocyte injury during DV infection is unknown, and we postulate that CD4 ϩ CTL may mediate liver damage through a mechanism involving bystander lysis.
In addition to direct cytolysis, cytokine production by activated T cells may contribute to severe dengue disease. Some reports have suggested that production of tumor necrosis factor alpha (TNF-␣) is increased in cases of severe dengue illness (23, 48) , although production by DV-specific T lymphocytes has not been demonstrated. When administered experimentally to human volunteers, TNF-␣ has been shown to induce symptoms similar to those observed in DHF, including hypotension, capillary leakage, and a flu-like syndrome consisting of headache, nausea, and fatigue (14, 39, 41) . Additionally, it has been demonstrated that both interleukin-2 (IL-2) and gamma interferon (IFN-␥) are elevated in DV-infected individuals compared to healthy controls or children with other febrile illnesses (27) .
Previously, a panel of seven CD4 ϩ CTL clones was generated from a D4-immune donor (7) . These clones were shown to recognize the DV capsid protein, as well as DV-infected B-lymphoblastoid cell lines (BLCL). Six of the seven clones were demonstrated to be cross-reactive between the D2 and D4 serotypes of DV, indicating their potential to be reactivated in vivo in the event of a secondary D2V infection. In this study, a functional analysis of these CD4 ϩ T-cell clones was performed, in which we examined both their mechanisms of target cell lysis and secretion of IFN-␥, TNF-␣, and TNF-␤ after stimulation. Results of these analyses suggest several potential pathological roles of DV-specific CD4 ϩ T cells activated during DV infection.
MATERIALS AND METHODS
Establishment of CTL clones. Leukocytes were obtained by leukopheresis from a human volunteer at 6 months postvaccination with an experimental live-attenuated D4V vaccine, 314750, and DV-specific CD4 ϩ CTL clones were established by using a limiting dilution technique as previously described (7) . Clones were restimulated every 14 days with autologous peripheral blood mononuclear feeder cells, recombinant human IL-2 (Collaborative Biomedical Products) at a final concentration of 20 U/ml, and the anti-CD3 antibody 12F6, kindly supplied by Johnson Wong (Massachusetts General Hospital, Boston, Mass.).
Recognition of the DV capsid protein by these T-cell clones was determined as described earlier (7) . Clones 8G5, 6E2, and 7E4 are D2/D4-cross-reactive and have been shown to recognize an epitope located between amino acids (aa) 83 and 92 of the D4V capsid protein. An additional clone (5C8) was identified that was specific for D4, which recognized aa 43 to 55 of the D4V capsid protein.
Bystander lysis assay. The expression of functional FasL on the T-cell clones was assessed by bioassay for lysis of Jurkat cells as described earlier (37) . Briefly, a 24-well plate was coated with anti-CD3 antibody by adding monoclonal antibody 12F6 (Johnson Wong) at 5 g/ml in phosphate-buffered saline (PBS) to the wells followed by incubation at 4°C overnight. Wells were then washed twice with PBS to remove unbound antibody, and 1 ϫ 10 6 to 2 ϫ 10 6 CTL clones were added to the wells for 4 h at 37°C for activation. After activation, clones were collected and used in a CTL assay against 5,000 51 Cr-labeled Jurkat target cells per well at various effector/target (E/T) ratios. Lysis was assessed after 6 and 18 h of incubation (44) . To assess the bystander lysis of liver cells, a similar experiment was performed in which the human hepatocellular carcinoma cell line HepG2 was used as a bystander target at 2,000 cells per well.
Analysis of cytotoxic mechanisms. CTL assays were performed in which 2,500 Jurkat or HepG2 cells and 2,500 autologous BLCL were present in the same well with 2.5 g of the relevant peptide per ml to examine the mechanism of lysis used by CTL clones when both bystander and cognate target cells are present in the same well. For analysis of cognate killing, BLCL were 51 Cr-labeled and Jurkat cells were unlabeled, and the assay was harvested after a 4-h incubation. To analyze bystander lysis, Jurkat cells were 51 Cr labeled, BLCL were left unlabeled, and lysis was measured after an 8-h incubation. Clones were used directly or preincubated in 96-well plates with either brefeldin A (BFA; catalog number B7651; Sigma, St. Louis, Mo.) or concanamycin A (CMA; catalog number C9705; Sigma) at various concentrations for 2 h at 37°C prior to the addition of target cells.
The anti-human FasL antibody 4H9 (Medical & Biological Laboratories Co., Ltd., Tokyo, Japan) was used to inhibit Fas/FasL-mediated lysis of D4 antigenpulsed BLCL by adding between 0.1 and 10 g/ml to each well at the start of a 5-h cytotoxicity assay.
RT-PCR for perforin and FasL gene expression. Reverse transcriptase PCR (RT-PCR) to determine perforin gene expression was performed as described by Van Voorhis et al. (43) . RT-PCR for Fas ligand gene expression was performed as described by Hargreaves et al. (11) .
Cytokine production by CTL clones. CTL clones were tested for cytokine production by a method similar to that used by Jassoy et al. (17) . T-cell clones (10 5 ) were plated in 96-well V-bottom plates (Costar) in a final volume of 200 l in AIM-V media with 10% human AB serum. Cells were stimulated with DV antigens or Vero antigen at 1:200 or 1:320 or with peptide (capsid protein, aa 84 to 92) at 6.25 g/ml in the presence of 10 5 gamma-irradiated autologous PBMC as feeder cells. DV and Vero antigens were prepared as previously described (25) . Cells were incubated at 37°C for 24 h, at which point plates were spun at 200 ϫ g for 5 min, and 150 l of supernatant was collected from each well. Supernatants from replicate wells were pooled and then divided into aliquots and stored at Ϫ70°C until use. Production of cytokines was analyzed with commercially available enzyme-linked immunosorbent assay (ELISA) kits (Endogen, Boston, Mass.) according to the manufacturers' instructions.
RESULTS

DV-specific CD4
؉ CTL clones lyse bystander target cells. In contrast to CD8 ϩ T cells, which are believed to mediate lysis of only cognate target cells presenting the relevant peptide in the appropriate major histocompatibility complex molecule, studies indicate that CD4 ϩ CTL can efficiently lyse both cognate and bystander target cells (40) . Bystander target cells are defined as cells that neither present antigen nor activate CTL but instead are lysed due to their proximity to the antigen-presenting target cell.
Two DV-specific CD4 ϩ CTL clones were examined to determine whether they were capable of lysing Jurkat cells as bystander target cells. Jurkat cells are a human acute T-cell leukemia line that has been shown to be susceptible to Fasmediated killing by T cells (37) . The T-cell clones were acti-
FIG. 1. DV-specific CD4
ϩ CTL clones exhibit bystander lysis of Jurkat target cells. Clones 6E2 and 7E4 were preactivated for 4 h on an anti-CD3-coated plate and then used in either a 6-or an 18-h cytotoxicity assay with Jurkat target cells at the indicated E/T ratios. ND, not done. The spontaneous release was 9% at 6 h and 18% at 18 h. vated on anti-CD3-coated plates for 4 h, and the lysis of Jurkat cells was then measured in a cytotoxicity assay. Figure 1 shows that clones 6E2 and 7E4 lysed Jurkat target cells after 6 h of incubation, and levels of lysis increased after 18 h of incubation. In the absence of preactivation, the clones showed no appreciable lysis (Ͻ5%) of Jurkat target cells (data not shown). These results indicate that clones 6E2 and 7E4 were able to lyse bystander target cells after nonspecific activation with anti-CD3.
Evidence suggests that the macrophage-like Kupffer cells of the liver are sites of DV infection (9) . Activated T cells responding to the infected Kupffer cells may also damage neighboring hepatocytes, potentially contributing to the liver damage observed in some cases of DV infection. In light of this possibility, the human hepatocellular carcinoma cell line HepG2 was tested for its susceptibility to bystander lysis by the CD4 ϩ CTL clones. Figure 2 shows that three CD4 ϩ CTL clones preactivated on anti-CD3-coated plates exhibited bystander lysis of 51 Cr-labeled HepG2 cells, while no lysis was observed in the absence of preactivation.
DV-specific CD4 ؉ CTL clones kill antigen-presenting targets by either FasL or perforin. Experiments were performed to determine whether lysis of cognate, antigen-presenting target cells by the DV-specific CD4 ϩ CTL clones was mediated by FasL or perforin by using chemical inhibitors of either pathway. BFA is an inhibitor of intracellular glycoprotein transport that has been shown to selectively inhibit Fas-based cytotoxicity (20) . CMA is a specific inhibitor of vacuolar-type H ϩ ATPase, which acidifies vacuolar organelles (47) . It inhibits the activity of perforin in dense granules, mostly due to the accelerated degradation of the protein (20) . CMA was shown to almost completely inhibit the cytotoxicity of a human CD8 ϩ CTL clone against peptide-presenting target cells (1) . Figure 3 presents results from two assays in which a representative clone, 6E2, was preincubated with increasing concentrations of CMA or BFA to determine whether either inhibitor could decrease target cell lysis. Figure 3A demonstrates that a 2-h preincubation of clone 6E2 with 2 nM CMA completely abrogated lysis of dengue antigen-pulsed target cells. In contrast, Fig. 3B shows that a 2-h preincubation with BFA, even at a concentration of 100 M, only inhibited lysis of cognate target cells by 50%. These results indicate that clone 6E2 lyses antigen-presenting target cells by a mechanism that is primarily mediated by perforin.
Experiments were performed to determine whether one mechanism of killing would be preferentially employed by the clones when both cognate and bystander target cells were present in the same well. To assess cognate antigen-presentingcell lysis, autologous BLCL were 51 Cr labeled, while Jurkat bystander cells present in the same well were unlabeled. Lysis was measured after 4 h of incubation. Figure 4 shows that, in the absence of inhibitors, all four clones tested were able to lyse cognate BLCL presenting the epitope peptide. CMA inhibited the lysis of BLCL 81% by clone 5C8, 94% by clone 7E4, and 100% by clone 6E2. Preincubation of clones with BFA blocked the lysis of BLCL to a lesser degree: 38% by clone
FIG. 2. DV-specific CD4
ϩ CTL clones exhibit bystander lysis of HepG2 target cells. Clones 6E2, 7E4, and 5C8 were either unactivated or preactivated for 4 h on an anti-CD3-coated plate and then used in either a 5-or a 10-h cytotoxicity assay with HepG2 target cells. E/T ratios were 15:1 for 7E4, 9:1 for 6E2, and 4:1 for 5C8. The spontaneous release was 12% at 5 h and 18% at 10 h.
FIG. 3. CD4
ϩ CTL clone 6E2 lyses autologous D4 antigen-pulsed BLCL by a mechanism primarily involving perforin. (A) Clone 6E2 was preincubated with the indicated concentrations of CMA for 2 h prior to the addition of target cells. The E/T ratio was 35:1. (B) Clone 6E2 was preincubated with the indicated concentration of BFA for 2 h prior to the addition of target cells. The E/T ratio was 25:1. In both assays, lysis was assessed after a 5-h incubation. The spontaneous release was Յ20% for all conditions. 5C8, 20% by clone 7E4, and 41% by clone 6E2. The results indicate that these clones lyse cognate antigen-presenting cells by a mechanism primarily mediated by perforin. In contrast, lysis of labeled BLCL by the clone 8G5 was inhibited by 100% after preincubation with BFA, while CMA only decreased lysis by 46%, suggesting that this clone principally causes lysis of cognate, peptide-presenting BLCL via Fas/FasL interactions. Additionally, a monoclonal anti-human FasL antibody (4H9) also effectively blocked lysis of antigen-presenting target cells by clone 8G5. At 1 g/ml, lysis was blocked by 43% and at 10 g/ml an 86% inhibition of lysis was observed (14% lysis reduced to 8 and 2%, respectively).
DV-specific CD4
؉ CTL clones lyse bystander target cells primarily via Fas/FasL interactions. In the same experiments in which the mechanism of cognate target cell lysis was assessed (Fig. 4) , the mechanism of bystander lysis was also investigated. In these assays, Jurkat or HepG2 bystander cells were 51 Cr labeled, and autologous BLCL present in the same well were unlabeled. Lysis was measured after an 8-h incubation. These experiments could also determine whether bystander target cells would be killed if clones were activated by antigen-presenting cells, as well as after anti-CD3 stimulation as shown in Fig. 1 .
Results presented in Fig. 5 show that the CD4 ϩ CTL clones differ in their ability to kill Jurkat bystander target cells in this system. Clones 8G5 and 5C8 are able to mediate a significant degree of bystander lysis of Jurkat cells when activated by antigen-presenting BLCL; however, 7E4 and 6E2 show a much lower degree of bystander lysis in this experiment. Jurkat cell lysis by clones 8G5 and 5C8 was completely abrogated by preincubation of the clones with BFA, but preincubation with CMA only inhibited the lysis by 24 and 47%, respectively. This
FIG. 4. CD4
ϩ CTL clones lyse autologous target cells by two different mechanisms. Clones were incubated with CMA or BFA for 2 h prior to the addition of target cells, and lysis of autologous, peptide-presenting targets was measured in a 4-h cytotoxicity assay in the presence of unlabeled Jurkat cells as described in Materials and Methods. The E/T ratio was 12:1 for all clones. Clones 8G5 and 5C8 were tested in one experiment; 6E2 and 7E4 were tested in separate experiments. The spontaneous release was Յ25% in all experiments.
FIG. 5. CD4
ϩ CTL clones 8G5 and 5C8 lyse bystander target cells via a FasL-mediated mechanism. Clones were incubated with CMA or BFA for 2 h prior to the addition of target cells, and lysis of labeled Jurkat cells was assessed after an 8-h incubation in the presence of unlabeled, autologous, peptide-presenting BLCL. The E/T ratio was 12:1 for all clones tested. Clones 8G5 and 5C8 were tested in one experiment; clones 6E2 and 7E4 were tested in separate experiments. The spontaneous release was Յ30% in all experiments.
suggests that bystander lysis of Jurkat cells by clones 8G5 and 5C8 is dependent on Fas/FasL interactions.
The mechanism of bystander lysis of HepG2 cells was assessed in the same manner. Figure 6 demonstrates that, in the presence of unlabeled BLCL and the epitope peptide, lysis of HepG2 cells was inhibited by greater than 74% for all clones tested after preincubation with BFA, but preincubation of clones with CMA resulted in only 15% inhibition of lysis by clone 7E4 and no inhibition with clones 8G5 and 6E2. These results indicate that, similar to Jurkat cells, bystander lysis of this human hepatoma cell line is likely to occur by a Fas/FasLmediated mechanism.
IFN-␥, TNF-␣, and TNF-␤ are produced by DV-specific CD4 ؉ CTL clones upon activation. Production of cytokines by serotype-cross-reactive memory T cells reactivated during a secondary DV infection could contribute to the immunopathology of DHF. In light of this possibility, CD4 ϩ CTL clones were examined for cytokine production by ELISA after stimulation with heterologous DV antigen. Five of five serotypecross-reactive CD4
ϩ T-cell clones tested produced IFN-␥ (700 to Ͼ1,000 pg/ml) after stimulation with D2 antigen. No IFN-␥ production was observed upon stimulation with a Vero cell control antigen. IFN-␥ production could also be observed after D2 antigen stimulation of the donor's peripheral blood mononuclear cells in bulk culture.
In separate experiments, we also detected the production of TNF-␣ (9 to 412 pg/ml) by four of five CD4
ϩ CTL clones and production of TNF-␤ (14 to 462 pg/ml) by five of five CD4 ϩ CTL clones after stimulation with D2 antigen. In comparison, the levels of TNF-␣ and TNF-␤ after incubation with the control Vero cell Ag were Ͻ40 and 0 pg/ml, respectively.
DISCUSSION
Experiments presented here functionally characterize a panel of DV capsid-protein-specific CD4 ϩ CTL clones with regard to their mechanism of target cell lysis and cytokine secretion. Chromium release assays with both Jurkat and HepG2 cells as bystander targets indicate that the DV capsidspecific CD4
ϩ CTL clones are capable of mediating bystander lysis. Bystander lysis by human virus-specific CD4 ϩ T-cell clones has not previously been demonstrated. In contrast,
CD4
ϩ CTL specific for human immunodeficiency virus (32) and herpes simplex virus (50) have been shown to kill only antigen-presenting targets. Our results are consistent with the observation that bystander lysis generally occurs via interaction of FasL on the T-cell clone with Fas, which is constitutively expressed on a number of cell types, including Jurkat and HepG2 cells (5, 31) . The DV-specific CD4
ϩ CTL clones express FasL mRNA after activation (data not shown), and the killing of both Jurkat and HepG2 target cells was abrogated by preincubation of the clones with BFA, an inhibitor of FasLmediated lysis.
Patients with DV infections often exhibit evidence of hepatocyte injury, including increased plasma levels of liver enzymes (19, 24) , as well as hepatomegaly and mild to moderate paracentral or zonal necrosis noted upon microscopic examination (3). Although bystander lysis mediated by T cells has not been demonstrated in vivo, the ability of the human hepatocellular cell line HepG2 to serve as a bystander target for the DV-specific T-cell clones suggests a potential role for activated DV-specific T-cell clones in this liver pathology. HepG2 is a well-differentiated liver cell line which retains certain liverspecific characteristics, including the synthesis of hepatic proteins (4, 22) . Hepatocyte damage may occur when DV-specific CTL are activated by DV-infected Kupffer cells and subsequently lyse hepatocytes via a bystander mechanism. Fas is expressed constitutively at low levels in normal human liver (30) , and upregulation of Fas in the liver occurs after some virus infections (8, 12) . In DV-infected individuals, Bhamarapravati et al. (3) have histologically detected Councilman bodies in liver sections, and these structures have been postulated to be apoptotic cells (21, 29) .
Only a limited number of studies have been performed examining the mechanism of lysis utilized by human CD4 ϩ CTL and, to our knowledge, this is the first such characterization of human flavivirus-specific CD4 ϩ T cells. Experiments presented here indicate that DV-specific CD4 ϩ CTL clones isolated from the same donor exhibit heterogeneity with respect to their mechanisms of target cell lysis and further demonstrate that the perforin-and FasL-mediated mechanisms of target cell lysis are not mutually exclusive. Clones 7E4, 6E2, and 5C8 lyse cognate target cells via perforin, while lysis of HepG2 or Jurkat
FIG. 6. CD4
ϩ CTL clones lyse HepG2 bystander target cells via a Fas/FasL-mediated mechanism. Clones were incubated with either CMA at 10 nM or BFA at 10 M for 2 h prior to the addition of target cells. Lysis of labeled HepG2 bystander targets in the presence of unlabeled peptide-presenting BLCL was assessed after an 8-h incubation. The E/T ratio was 10:1. The spontaneous release was Յ27% for all conditions.
bystander target cells present in the same well appears to be FasL mediated. Lysis of antigen-presenting targets by a perforin-dependent mechanism suggests that some CD4 ϩ CTL clones may be involved in the lysis of virally infected cells in a manner similar to that of CD8 ϩ CTL. The importance of CD4 ϩ CTL in protection and recovery from viral infection has been suggested previously by experiments performed in mice (34, 46) .
A fourth CD4 ϩ CTL clone, 8G5, appears to kill both cognate, peptide-pulsed targets and bystander targets by a FasLmediated mechanism. This heterogeneity in the usage of killing mechanisms between clones recognizing the same viral epitope has not previously been observed with human virus-specific CD4 ϩ T-cell clones, although similar results have been obtained with a panel of human autoreactive CD4 ϩ T-cell clones specific for aa 83 to 99 of myelin basic protein (44) . A recent study of human CD4 ϩ purified-protein-derivative-specific clones by Lewinsohn et al. (31) suggested that the killing mechanism used by the clones was dependent on target cell susceptibility to Fas-mediated lysis. Although BLCL were shown to express Fas, they were relatively resistant to killing mediated by an anti-Fas antibody (31) . Although variance in target cell susceptibility to bystander lysis is likely to explain some of our results as well, our work also suggests that the CTL clones themselves may have differential abilities to induce target cell death via the FasL-or perforin-mediated pathways. It is possible that upon activation clone 8G5 expresses a higher level of FasL on its surface than the other DV-specific CD4 ϩ CTL clones and therefore can more efficiently cause FasL-mediated lysis of antigen-presenting BLCL.
The DV-specific T-cell clones produced IFN-␥, TNF-␣, and TNF-␤ after antigenic stimulation. Although production of IFN-␥ by DV-specific T-cell clones has been documented by our group (25, 26, 33) , production of TNF-␣ and TNF-␤ by DV-specific T-cell clones has not been previously demonstrated. T-cell clones specific for other viruses, including human immunodeficiency virus (17), hepatitis B virus (2) , and cytomegalovirus (6) have similarly been shown to produce TNF-␣ after stimulation. DV serotype-cross-reactive T-cell clones from this D4-immune individual produce cytokines after stimulation with D2 antigen, suggesting that a secondary infection of this individual with D2V would result in the production of TNF-␣, TNF-␤, and IFN-␥. Although we cannot exclude an effect of in vitro propagation on the pattern of cytokines detected, these results are consistent with the observations that plasma levels of IFN-␥ and TNF-␣ are elevated in patients with DHF (13, 27, 45, 48) . These cytokines are thought to contribute to the immunopathogenesis of DHF.
Overall, our results show that activated DV serotype-crossreactive memory CD4 ϩ T lymphocytes secrete cytokines, including IFN-␥, TNF-␣, and TNF-␤, and that these T cells exhibit lysis of both cognate antigen-presenting cells and bytander target cells. The serotype-cross-reactive nature of these CD4
ϩ T cells suggests that, in vivo, a secondary infection of this individual with D2V infection could result in the elaboration of these activities, which might contribute to the enhanced pathology manifested as DHF.
